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Higgs boson kinematics Introduction

® Higgs boson kinematics: do/dp(H) [pb/GeV]

- ggH@LHC 13 TeV NLL+NLO — su
....... Ct=1 '2vcb='2-98,09='0-03

| | . _ - My=125 GeV e e e
» br4e: Lagrangian structure of H interactions. 10 I CmiTmees

c=1 .4,cb=-3.67,cg=-0.05
-1 ™_™ c=1.5,cp=1.88,c4=-0.04
107" ¢ W C=15,0o=-1.79,6;=-0.05
o AN 7

® Sensitivity to phenomena resonant at higher energies
— changes in observables at lower energies.
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Introduction

® Higgs boson (H) main production in proton-proton collisions: -2 cev:

» Predominant production gluon-gluon fusion (87%) and VBF (6.8) ’ H

o 0
» W,Z associated production (4%) and ttH (<I%) Higgs
boson

ggF VBF

® Experimentally challenging final states

» In association with additional jets, same final state of many other processes

» forward jets with large rapidity gap, small rates

BROOKHFIAEN G. Barone
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Introduction

Standard Model Production Cross Section Measurements Status: July 2017
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Run | Legacy

® Run-| featured in primis the discovery T
- : ATLAS and CMS -
» First properties mea.su.rements o ' HC Run 1 o ATLASLCMS
» Programme largely limited by statistical accuracy. .
2| = 3
® Properties: K — =
» ATLAS precision in my of 0.33%: | 4_:.__
» Couplings measured to 10% to 25% precision i C
. . ——
» H—inv. constrained to < 30% e ==
» First studies of JPC = 0++, (indirect) width .| I
b —
['r< 14.4 MeV (15.2 MeV) - :
IKQI _—_:!i_—
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% - ATLAS —— Combined yy+4/ 7 v e | < 1 — T
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- Vs=8TeV [Ldt=20.3 b —H-ZZ 4 . BBSM Bgsy 2 0 *~—
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Overview

® ATLAS collected 139 fb-! in Run 2

Sufficient statistics for precision-level measurements.

» Path open to exploration of SM Lagrangian in the Eelectro-Weak symmetry
braking sector.

» Probe to couplings to bosons and fermions

» Understand structure of its potential.
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2. Mass measurement




Introduction Mass measurement

® The Higgs boson mass (mn) is a fundamental mm Global EW fit
free parameter of the Standard Model. * Measurement [T fitter ..

SN

M
1 I
Vi(h) = "M+ MR+ M2 R? W | ——e—=

4 Pwy)poo e

» Understanding the perturbative expansion of its
potential (Av2h?) Opea | | —o—— M

» Precision determination allows for evermore AY
precise higher order corrections to the cross A(LEP)|
section. A(SLD) | —e

.2 - lept
sin“0 . (QFB)

» Sensitivity to new physics in higher order
corrections.

» Input to precision Electro Weak global fit. A%
» Key measurement of the LHC program. Ars

® Aim in improving significantly on dmn P T I e
O s
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Uncertainties Mass measurement

® For and 40, sienal is narrow resonant peak - .. .———r+———1—+1—+1
Yy 318 P 2 180F ATLAS Preliminary >

above a background continuum o 16017325 L -c -
I 40:— B Zijets, tt _:

» Allows for precise Higgs boson mass measurement %1
> 1201
m —

100}
® Ingredients for optimal measurement of Higgs o/

boson mass: 60
40f

201 |
O-(m4€,,y,y) %0 100 120 140 m4|1[€2;)eV]
VN — Ny

(I) Statistical precision precision depends upon:

» resolution of the reconstructed final state,
» number of signal events.

7 Uncertainty

N\

» Minimises the model dependency.

» Detector performance driven measurement

5mH ~

(Il) Systematic uncertainty from understanding of detector performance:
» energy and momentum scale,

» resolution uncertainty.
BROOKHAVEN G. Barone
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Muon pT resolution Mass measurement

® Resolution muon channels (4, 2e2u and 4y.) crucial for my uncertainty:

» Excellent momentum resolution of about 1% at about pt 45 ~GeV.

® Momenta calibrated to J/{ and Z samples in data

» for residual mis modelling of E'oss in calorimeters, alighment precision etc.
» Including corrections to data accounting for alignment weak modes.
» Precision down to 0.5 per mille for |n|<I1.0
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Muon pT resolution Mass measurement

® Resolution muon channels (4, 2e2u and 4y.) crucial for my uncertainty:

» Excellent momentum resolution of about 1% at about pt 45 ~GeV.

® Simulated momenta calibrated to J/{ and Z samples in data

» for residual mis modelling of Eloss in calorimeters, alighment precision etc.
» Uncertainty of about 0% on the resolution and 0.5% on the momentum scale.
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Muon pT resolution Mass measurement
® | ocal misalignments and second order effects:

» Charge dependent sagitta bias, with net effect of worsening
resolution

» In-situ correction based on Z— UM data, recovers up to 5% in
resolution.

® Momentum scale understood down to the per mille level

» Precision down to 0.5 per mille for |n|<I1.0
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H—77—4P results Mass measurement
® Three-prong approach to reduce uncertainty at analysis level: arXiv:1806.00242

~15% from m, constraint to mz with kinematic fit and mz constraints on alignment weak
modes.

(i) ~2% from kinematic discriminant selecting signal and background events

Boosted Decision Tree on p1(4£), y(4£) and log(|. n|¥| A zz+|?)

(i) ~5% from multivariate per-event resolution likelihood.

» Neural network to solve uncertainty correlations induced by kinematic discriminant.

x107
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|
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https://arxiv.org/abs/1806.00242

H—77—4P results Mass measurement
® Three-prong approach to reduce uncertainty at analysis level: arXiv:1806.00242

(i) ~15% from m); constraint to mz with kinematic fit and mz constraints on alignment weak
modes.

(i) ~2% from kinematic discriminant selecting signal and background events

Boosted Decision Tree on p1(4£), y(4£) and log(|. n|¥| A zz+|?)

(i) ~2% from multivariate per-event resolution likelihood.

» Neural network to solve uncertainty correlations induced by kinematic discriminant.

® Systematic uncertainty of ~70 MeV

> IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
8 90;—A|TLAS Preliminary ¢ o -
, - N gofH - ZZ* — 4l — Fit =
Systematic Uncertainty Impact (GeV) r 70;_@:3 Tev, 139 fo [lssciorons
Muon momentum scale +0.08,-0.06 2 eob :
Electron energy scale +0.02 s0F £
Muon momentum resolution +0.01 40f- :
Muon sagitta bias correction +0.01 305 E
20 =
| 05 417 !
» 61% |mProvement w.r.t mHH%ZZ’RunI ol AT T I PR T O At
105 110115 120 125 130 135 140 145 150 155 160
» 15% improved precision w.r.t mpATLAS+CMSRunl my GV
_ +0.21
(mp = 124.92707) GeV
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Combination

Mass measurement

® 40 and YY measurements are combined with ATLAS Run | result xviss.0024

—_ — T T T T T — NN Y L Y I L N B N N S L Y N B B B T T 1 T 1
< 14 T T T
= 140 ATLAS _ganm?med : ATLAS ~Total [ Stat. only
ol B N N -1 . -1
C}I ; 2__ H — ZZ*+H — yy Combination —Run 2 B Run 1: Vs =7-8 TeV, 25 fb”, Run 2: \s | 13 TeV, 36.1 fb Total  (Stat. only)
- Run 1: {5 = 7-8 TeV. 25 fb° --Stat.only ] Run 1 H—4] - 124.51+ 0.52 ( = 0.52) GeV
1oL Rl‘m 2:Vs=13TeV, 36.1b" ] Run1H—yy 1 126.02 = 0.51 ( = 0.43) GeV
B Run 2 H—4] |—0I—| 124.79 + 0.37 ( = 0.36) GeV
8- | Run2Hoyy o D 12493 £040 (= 021) GV
- Run 1+2 H—4[ —e— 124.71+ 0.30 ( = 0.30) GeV
6 Run 142 H—yy s 125.32 = 0.35 ( = 0.19) GeV
4: Run 1Combined ——e—H 125.38 = 0.41 ( = 0.37) GeV
- ; Run 2 Combined -—01—| 124.86 = 0.27 ( = 0.18) GeV
2‘_ Run 1+2 Combined l_i_' 124.97 + 0.24 ( = 0.16) GeV
IS W ATLAS + CMS Run 1 —— 125.09 = 0.24 ( = 0.21) GeV
01 24 I I S 1 2 I 1 2|6 I | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
123 124 125 126 127 128
m,, [GeV] m,, [GeV]

® Run 2 precision improved w.r.t Run |.

T — 124.86 -

- 0.27(=

-0.18 stat only) GeV

® ATLAS Run | + 2 comparable precision to LHC Run | combination.

Mg — 124.9
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3.Decays to light leptons.




Second generation fermions Light leptons
® Fermions acquire mass through Yukawa interactions r_ 1 Nl
with the Higgs field. 4"
+ U P

» Remains an elusive sector not probed by EWK precision tests.+ DH<I>TD“<I> —V(®)

» LHC successfully probed couplings to third generation SR hoe
fermions (ttH, H—17) + Rt he)

® Next milestone, probe couplings to second and first generation fermions.

» H—py and ee offer unique insight. £ ae T ARARRRARRRERAR 3
. 2 10°E Vs=13TeV, 139.0 " | g,avtf =
» Fully reconstructed final states with low - Diboson €
. . . 108 = [ —=
hadronic activity. M Top -
107 o™ — Moo
» Very rare processes: R Syst. uncert. 3
10° = =
+ B(H—uu) ~ (2.17 £ 0.04)x10-4 105 .
104 g
+ Large backgrounds from Drell-Yann - =

3

production Z— HH, ee 10

® 11r 5

3 [
A 09, . ... I B B B B B |

80 90 100 110 120 130 140 150 160
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Light leptons

Second generation fermions

® Mutually exclusive categories

» Targeting the various Higgs production modes,

to increase s/b.

» H—uu, further splitting according process-specific

multivariate boosted decision tree.

4+ s/b ranging from 0.1% (0-jet Low) to
(VBF Very High)

2 cal ATLAS Simulation ¢+ Template 7

O -\, Vs=13TeV, 139 fb™ — Bkg. pdf -

Ry 12 . H— uu, VBF High ---- Gore function =

@ - “ x2ndf. =097 (p=51%) — Signal pdf -

S 10— —
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L 81— -
6 —
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Q
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I—

O.) t t

@ i + | H + j

Q LEB ' ' ! | i

[N REACLAARCARS
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m,, [GeV]
B“Lv-----'-- e - e ALl Wil
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©
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| 8%

c

S

8 0.75}

é‘ Zy*
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25 0.25¢
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555855585558 5558353%
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Analysis Categories

® Empirical background modelling in both
analyses.

» F(mpu) = Rigid core(myy) % Flexible Empirical(myp)

» Per-mille precision reached with two ad-hoc high
statistics fast simulation ~10 ab-! per category.
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Results Light leptons

® J%B(H—ee) < 3.6 x 104 at 95%CL. 5 1ol P
% 80k ¢ Data _:
» Expected limit at 3.5 x 104 I e ]

» Improvement of a factor of 5 w.r.t previous results. “

® H—uu: observed significance 2.00, u = 1.2 £+ 0.5.

Data - fit
(@]
|<'—‘—0—‘—F
e
—— [
e

4 EXPeCted 1.70. #ﬂﬁ+++ﬁ++++++++++++++++*++#+++M++i§

» o(H— lulu) / oSM(H %Mu) < 2.2 at 95%CL. _50101%'1'1"5"1'2'(')"1'é5"1':'3'0"1':'35"1'A'fb"1'4'1'5"1&;(2:'[%35;\1/';60
» Improvement of a factor 2.5, with 25% from the methods used.

| | I I I | | | | I | I I | | | I I I I | I I I | | | | I : : : : — : : : : — : : : : —
ATLAS Vs=13TeV, 139 fb" H - pu ATLAS _' Observed
FedTotal [ [Stat. M Syst | SM Total Stat. Syst. /s =13 TeV. 36-139 o :=== Expected = 1o
’ Expected + 20
VH and ttH categories I =— ] 50 £35 ( £33, +1.1) * SM
ggF 0O-jet categories —@— -04 £16 ( £1.5, £0.3) ee !
ggF 1-jet categories —e— 24 £12 ( +1.2, +£0.3) uu *I I
ggF 2-jet categories @ -06 £1.2 ( £1.2, £0.3) eu 'I
VBF categories - 1.8 +1.0 ( £1.0, £0.2) :
et v
Combined He 12 £06 ( £06, Tg°)
| | | | | | | | | | | 1 | | | | | 1 | | | | | | 1 | | | | | | Mr I E
—10 —5 O 5 10 15 20 ! ! Lol ! ! Lol ! |.||||||
Signal strength 107 1072 107 1

95% CL upper limit on B(H — 11") in %
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4. Production mode measurements
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Global combination Production mode

® ATLAS full Run-2 combination ATLAS-CONF-2020-027
» Combined sensitivity of all channels to increase the precision of the Higgs
productions. 1
Analysis decay channel Target Prod. Modes L [fb™"]
(H—-yy goF, VBF, WH, ZH, ttH,tH 139 )
F,VBF, WH, ZH, ttH (47 139
[ 0. 77" gsl,  WH, 21, (44) ]
ttH excl. H— ZZ — 4/ 36.1
F, VBF
H - WWw* 88 36.1
ttH
F, VBF
H—rr 885 36.1
ttH
VBE 24.5 — 30.6
(' WH, ZH 139 )
ttH 36.1
(H = pu ooF, VBF, VH, ttH 139 )
H = inv VBF 139
>2000||||;|||\||||||\‘|||‘;|||||\l\|||\.||||: >120_||||||||||||||||||||||||||| _._ I I I I I I I I I I I I I I
§ 18000 ATLAS ;‘:Z:’:‘ ig’::”a'”‘y ] 8 i fITLQZS* " ¢ gD:;ibe.zz* > 30005 ¢ Data ATLAS Preliminary
Z 1600F H-oWw —sevuv, N < 1] tiwt [l ww ] N @js TV ?39 e VBF XX, VWV — 2500 e Continuum Background Vs =13 TeV, 139 fb’
% 1400 Vs=13Tev,36.1f0" M zy" [ Mis-ld i) 100 B ’ VH l Z+jets, it g =R Total Background m, = 125.09 Gev
3 | w o BttH+tH 7 Uncertainty 22000 —— signal + Background A categories
D 8o = = In(1+S/B) weighted sum

| 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
Sum of
— —
(é)] o (é)]
o o o
o/

:_ S =ggF + bbH
60 %
- 7 =3 To0esteecccecces
" 40 __ % % r 1 1 1 1 1 — t
: 4 @ %F E
a 20 ~ ) § O; i
B : s | | | | | .
~ 0 g 110 120 130 140 150 160
6080100 120 140 160 180 200 220 540 110 120 130 140 150 160 o) m,, [GeV]
m; [GeV] m,, [GeV]
BROOKHFEAVEN G. Barone
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Global combination
® Simultaneous fit to all template cross sections

Production mode

ATLAS-CONF-2019-005

» Extraction of global signal strength (L=ag°bs /gexp).

» Experimental sensitivity of the same oder as of theory (up to N3LO for ggF)

( i = 1.06 £ 0.07 = 1.06 + 0.04 (stat.) + 0.03 (exp.) %% (sig. th.) + 0.02 (bke. th.) J

ATLAS Preliminary

—— TOtal
Remove Bkg. th.

V{s=13TeV, 24.5-139 fb™"

~21In A

Remove Sig. th.

m, =125.09 GeV, IyHI <25
Py, = 40%

|IIII|IIIIIIII|IIII|IIII|IIIIJ_

N W A~ 01 OO0 N

—

Uncertainty source

Luminosity
Background modeling
Jets, B

Flavour tagging
Electrons, photons
Muons

T-lepton

Other

MC statistical uncertainty

Ap/p (7]

2.0
1.6
1.4
1.1
2.2
0.2
0.4
1.6
1.7

o
OrrrTrT1T1T11

BROOKHFIAEN

NATIONAL LABORATORY

G. Barone
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005/

Production mode measurements Production modes

I I I | I I I | I I I | I I I | I I I | I
ATLAS Preliminary —— == Syst. |
s=13TeV, 24.5-139 fb" Total Stat. yst SM
my, =125.09 GeV, |y, | <2.5
p. =87%
SM Total Stat. Syst.
agF vy o 1.08 :o11( 008, ‘333
ogF 27 mI| 094 *510( +o10, xo004)
ggF Ww |I£| 1.08 318 ( o011, x015)
R = N 102 N2 %8 )
ggF comb | 1.00 +007( +005, =+005)
VBF vy b 131 9% ( "0, To1e)
VBF ZZ —=— 125 1030( 0%, o0s)
VBF WW  v==H 0.60 3% ( 1933, +o21)
VBF 11 He=e= 115 1380 ( o4, 1o%e)
: _ | VBFOL | —— ——] 1 303 gl 'reo. Toa)
VH 53 o ttH: 5.8 o VBF comb. = 115 018 ( Loy, t012)
VH vy = 132 08 ( 0%, 0u)
VH ZZ ——e——y 153 08 ( Thk. Toay)
(VHbO -] 102 Iopp( so11, lppp)
VH comb. =) 110 "0 sor1, 1212
® |n the first Run-2 data observed all I B & 090 95 9F, %)
: ttH+tH VV |.-E-| {70 +0%( <& o0z
SM production modes at the LHC. etk :
ftH+tH tt I 120 Zge3( Zo74 057 )
| tHetHbb === 079 lgg( sz, oE)
. .« P ttH+tH comb. = 110 52 o8, 04
» With current precision uncertainties T | S
I I I I I I I I I I I I I I I I

from 20% to 7% on production cross 5 0 o 4 6 8

section.
o X B normalized to SM
» Sufficient for more in-depth

investigations into the couplings

BROOKHFIAEN G. Barone
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Simplified Template Cross Sections Production modes

® Measure mutually exclusive phase-

ge —» H + bbH SPACES in agreement with theory and LHC experiments

Bt < 06T » In terms of kinematics of the Higgs or
associated objects in productions.

= (0 jets

0-jet, 10 < p¥ < 200 GeV

pi < 200 GeV

» Sensitivity to deviations from SM.

1-jet, pif < 60 GeV

~ 1o ——— » Avoidance of large modelling
1-jet, 60 < pp < 120 GeV . .
uncertainties.

1-jet, 120 < pH < 200 GeV

= giets » Approximate experimental sensitivity.

my; < 350 GeV [ = 296t 15 < 350 GeV, pd <120 GeV

I— > 2-jet, my; < 350 GeV, 120 < p# < 200 GeV

> 2oty 2 350GV, pfl < 200GeV ® Advantage of complementary
sensitivity in production from
different final states:

200 < pH < 300 GeV

300 < p¥ < 450 GeV

Ey— » my > 450 GeV from H—-WW*
» High prffrom H—bb

BROOKHFIAEN G. Barone

NATIONAL LABORATORY 25 January-2|



Simplified Template Cross Sections

EW qq — Hqd

< 1-jet

> 2 jets

> 2-jet, m;; < 350 GeV, VH topo

> 2-jet, mj; < 350 GeV, VH veto

mj; 2 350 GeV

> 2-jet, mj; > 350 GeV, pi > 200 GeV

pif <200 GeV

> 2-jet, 350 < my; < 700 GeV, p{ < 200 GeV

> 2-jet, m;; > 700 GeV, pif < 200 GeV

BROOKHFIAEN G. Barone

NATIONAL LABORATORY

Production modes

® Measure mutually exclusive phase-

SPACES in agreement with theory and LHC experiments

» In terms of kinematics of the Higgs or
associated objects in productions.

» Sensitivity to deviations from SM.

» Avoidance of large modelling
uncertainties.

» Approximate experimental sensitivity.

® Advantage of complementary

26

sensitivity in production from
different final states:

» my > 450 GeV from H—WW*
» High prffrom H—bb

January-21



Simplified Template Cross Sections Production modes

® Measure mutually exclusive phase-
SPACES in agreement with theory and LHC experiments

V(lep)H » In terms of kinematics of the Higgs or
associated objects in productions.
Hew, plf < 75 GeV » Sensitivity to deviations from SM.
/ Hiv, 75 < IV < 150 GeV » Avoidance of large modelling
e uncertainties.

Hlv, 150 < pY' < 250 GeV

» Approximate experimental sensitivity.

Htv, pl¥' > 250 GeV

Hl, pZ < 150 GeV

pp — HUL

He, 150 < pt < 20 GeV ® Advantage of complementary
HUE, p > 250 GeV sensitivity in production from
different final states:

» my > 450 GeV from H—WW*
» High prffrom H—bb

BROOKHFIAEN G. Barone

NATIONAL LABORATORY 27
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Simplified Template Cross Sections

BROOKHFIAEN

NATIONAL LABORATORY

G. Barone

Production modes

® Measure mutually exclusive phase-
SPACES in agreement with theory and LHC experiments

» In terms of kinematics of the Higgs or
associated objects in productions.

» Sensitivity to deviations from SM.

» Avoidance of large modelling
uncertainties.

» Approximate experimental sensitivity.

® Advantage of complementary
sensitivity in production from
different final states:

» my > 450 GeV from H—WW*
» High prffrom H—bb

January-21



Measurement strategy Production modes

® Strategy in measuring the cross section in these exclusive categories
» Discussing here the example of the H—ZZ*

® Cut-based reconstruction-level categories,
» maximising purity and minimising extrapolation to true phase-spaces.

ATLAS s - 13Tev, 139 1b-

Reconstructed event categories
Signal Region

Production Particle-level STXS Reduced pT4I <10 GeV

N 0j-p,*-Low =
Mode Production Bins Stage 1.1 Py N, =0

10 < p,* < 100 GeV
p,"<10 GeV ] Oj-pT‘"-Medium
=oqet [ 992H-0j-p,"-Low
p,1>10 GeV .
- gg2H-0j-p,*-High 1j-p;*-Low
p,! <60 GeV 7 60 < p.*' <120 GeV
L gg2H-17p,Low 1j-p,“-Medium U
p,H <200 GeV = 1-jet 60 < p."' <120 GeV
ooF ., je <pfi< e 992H-1jp,"Med 120 < p,* <200 GeV N =1

1j-p.#-High jet
p,"'> 120 GeV . SPr 19
— > 994n-1-p;"-Hig

p;* <60 GeV

2 2-jets
g92H-2j |

B T T e e e e == =)

T
+
S | p>200 Gev : ) ) p;*>200 GeV
N gg2H-p,"High | 1j-p,“-BSM-like u
N
3 60 < m, < 120 Gev qq2Hqq-VH | : m, <120 GeV or p* <200 GeV
VBE m, <60 GeV or 120 < m, < 350 GeV 2] N =2
T or m,> 350 GeV, p;" <200 GeV 2Haa-VBE Jets =
+A q9<Hqq- > - ) m.> 120 GeV, p.* > 200 GeV
[l o . \ 992H-0j -pH-Low [l gg2H-p*-High , . i » Pr
S o - -
Si [m>350GeV, pr>200 Gev a2Hag-BSM S ATLAS Simulation B gg2H-0; High 141 qg2Hag VBF 2-BSM-ike
5 Py i
18 4 992H-1j-p-Me qa2Hqa-
= fs=13TeV, 139 fo I gg2H-1j-p)"-High [ VH-Lep
Leptonic V decay @ 0>) B g92H-2j B ttH+tH
-Lep L Oj-p‘_;‘;'-Low N, =0, p*>100 GeV
O 0j-p*-Med 0j-p.“-High
2 1 —pT"—Low FPr J
&) P N =5
2 1j-p¥-Med . lep
= e VH-Lep-enriched
ttH ttH | @ ij-py-High
Q 1j—p¢'—BSM—Iike
3 2 - ttH Hadronic
o 2j-BSM-like ftH-Had-enriched
VH-Lep-enriched ttH Leptonic
0j-p-High ttH-Lep-enriched
{tH-Had-enriched
ttH-Lep-enriched B R T .
05 06 07 08 09 1 : m,=[115,130] GeV

Expected Composition

BROOKHFIAEN G. Barone 29
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Strategy Production mode

® Multi-output-node neural network discriminants in detector category.

» Multidimensional fits on n-l1dimensions on n output nodes per category.
® Backgrounds from data sidebands on resonant signal.

» Performed as a function of the jet multiplicity to reduce higher order correction
uncertainties.

> 120 T T | T T 17T | T T 17T | T T 17T | T T 17T | T T 17T
$ L ATLAS $ Data -
O] . s ] S ]
S [HozZr >4 ggF+bbH I ZZ - ATLAS s - 13Tev, 139 fo-
3 100 Vs=13TeV, 139" VBF XX, VWV ]
= B VH M Z+jets, tt
- V/ i -
g | % .ttH+tH /// Uncertalnty n -'(e 60 T ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTI]
kT 2 FATLAS ¢ Daia ] P LR AR AR AR AR RN RERLE
80~ g ] e HSZzZr sa ggF+bbH M ZZ* S 16CATLAS ¢ Data )
- 4 1 w 50 ;\(§= 13 TeV, 139 fb™ VBF XX, VW _] > rH—- ZZ* > 4] VBF mzz ]
= — [ 115 < m, <130 GeV VH W Zjets, | W 14| (s=13Tev, 139t QQF“"’H.‘X)_" VW
L 2 i L 0j-pMed BttH+H 7 Uncertainty | [ 115 < my< 190 Gov VH Zijets, ff ]
= 1 [ V-pi-MedwithNN,, >025  mttH+H % Uncertainty ]
— — 40|~ . 1277 1
60 % i ; ) ] - 7
: 7 : 30} /////% . - ]
40+ % — r //// ) 8- ]
- - 20F ww = 6 .
: | % _ gt | o R ]
20— - T 10 ’ : 77
i 2k
0O 0.2 0.4 0.6 0.8 1 0
0 ' ' ' " ped 03 04 05 06 07 08 09 1
110 120 130 140 150 160 NNgge ' NN P e
7z
m,, [GeV]
ZZ'DI 3_._ w 7\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\7 w \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
ATLAS 22 —d— S 14-ATLAS ¢ Data . S ®LaTLAS » Data g
* T+ 1 r * VvVBF  Mzz* ] L + VH Wz
H— 27" — 4l p i e — i o o Ejszévy?a;ﬂ,rw ggF+bbH | XX, VWV i r Ejsz'rzvv?s;‘ft" ggF+bbH | XX, VWV ]
Vs=13TeV, 139 fb o ; 121 115 < m, < 130 Gev VH  EZsets | 20 [-115 < m, <130 Gev VBF  WZ+jets, i _|
Production Mode - |yH| <25 1 T2 77 T6 78  V-pi-LowwithNN,, <0.25  EllttH+tH %% Uncertainty | t 2j with NN, > 0.2 MttH+H 7 Uncertainty
NN, 10— p — i
—m— Observed: Stat+Sys SM Prediction [ % // ] 15 B
[m] Observed: Stat-Only p-value = 91% B [fb] (0B),,, ] 8} 7 { 0 O 1
ggF . 1120+ 130 1170+ 80 SW%% 7 % ] 10 -
o 3 - 4= il L J i
VBF = 110 +40  92.0+20 E E 5k 7 B
- ‘ B 2F 7. 278y ]
VH — Bl 524
B ‘ o O0 0.2 0.4 0.6 0.8 1 8.2 03 04 05 06 07 08 09 1
E— 3 26% 15477 . ,
ttH i ' = -1 13 | NN:;BI::T Low NN\ZIIH
Inclusive EiEI 1340+ 120 1330 + 80
1 2 3 4 5

cB/(cB),, 30 January-21



Strategy Production mode

® Multi-output-node neural network discriminants in detector category.

» Multidimensional fits on n-l1dimensions on n output nodes per category.
® Backgrounds from data sidebands on resonant signal.

» Performed as a function of the jet multiplicity to reduce higher order correction
uncertainties.

> T T T T T T T T T T T
S — ATLAS Simulation —
o — H-—ZZ" >4l — =30
8 — Vs=13TeV, 139" —]
c Oj—pi'—Low 91 05 o 0.1 0.1 - —25
q>) Oj—pi'—Med 19 187 37 11 02 18 04 41
r N L_Ié 1 —pi'—Low 16 28 158 06 1.2 36 11 1.4 —20
o 1j-p¢'-Med 01 03 193 11 18 43 12 1.7
. S 1j-p$-High 01 234 06 04 14 04 01 10
ZZ-0j +—— = 1j-pA-BSM-like [ 0.1 85 03 02 18 04 — 15
| . 1 5 7 | ) ’ ! ! d K ]
A TLAS 22-4j | ———— g 2j| o2 04 24 38 53 202 75 133 209 16 26 38
H RN ZZ* RN 4| 725 B : 7] 8 2j-BSM-like 189 04 03 339 04 07 —10
_ L : i OC  VH-Lep-enriched | 01 93 17 |
Vs=13TeV, 139 fb™ voc| . 0j-p-High [~ 03 01 w | s
PRI BT TETT R SRS RS R T I - : h 1 ]
Reduced Stage 1.1 - |yH| <25 1 T2 14 16 1.8N/N ttH-Had-enriched | _ 04 05 01 02 03 79 |
—m— Observed: Stat+Sys SM Prediction M ttH-Lep-enriched | | | | | | | | | | 01 | 44
. § - ) . 0 0021, 9 9921, 9 0 q q T, -
| w3 Otsona Sikony e =77 s (o8, | B T T oo T T B
992H-0j-p*-Low u 170£55 176+ 25 r-Low T Hghr Low T Megr Hgp T 0 M
. ! . Production bin
ggZH—Oj-p:’—ngh N 630 £ 110 550 + 40
gg2H-1j-p"-Low » i 50 + 80 172 + 25
e H_ . 1 ]
992H-1j-p-Med B = 170 £ 50 119 £ 18 i ggZH—Oj—p;’—LOW T T T T T T T T T T T -1
2H-1j-p*H-High i +16 N
992H-1j-p High | - 975 20+4 | gg2H-0j-p*-High A TLAS 0.8
oY, I * — .
o2 | = : 40 J_r2175 127+27 | gg2H-1j-p"-Low H— Z7" — 4l .
gg2H-pF-High ' n 387 15+ 4 — = i — —
T - I -16 v04 ] ggZH-1j-p’T*-Med 0.02 0.3 -0.10 Vs=13 TeV, 13910 06
qq2Hqg-VH om 21+ 35 13.87 — —
— i +64 70'24 — ggZH-1j-p"’-High 0.00 0.07 -0.02 0.09
aq2Hqq-VBF . 1507, 107.6 '35 T L — O 4
B : +7.9 . gg2H-2j |-0.01 -0.15 0.09 -0.26 -0.12
qg2Hqg-BSM ] L 057, 420+ 0.18 = _|
VH-Lep B E l 22 ffg 16.4+ 0.4 | ggZH—p:’—ngh el | 02
i . = 3 o5 tfs 15.412 qg2Hqqg- VH 211 0.05 -0.05 0.07 0.02 - ] O
I q92HqgQg-VBF (000 -001 -0.13 018 -020 028 -0.06 0.06
. ‘—I1‘ — I0 — _II — é — .é — ‘4|- — 5I — I6 — ‘7| . qq2qu-BSM -0.00 -0.02 0.03 -0.02 0.00 0.04 -0.42 0.03 -0.02 __02
VH-Lep 001 -003 001 004 -0.08 -0.01 -0.04 -0.03 -0.00 0.01
G.B/(G.B)SM ttH :]0 0.00 0.02 0.02 0.02 -0.04 -0.10 -0.11 0.01 0.03 -0.08 N ] _0 - 4
k J ZZ‘O/ ;.20 -0.13 0.04 0.01 0.00 -0.01 0.00 0.00 -0.00 -0.00 -0.03 -0.01 T | 0 6

ZZ—1] -0.03 -0.01 -0.16 -0.12 -0.05 0.08 -0.01 -0.03 -0.00 0.01 -0.00 0.00 0.08

-—0.8

ZZ‘ZJ -0.00 -0.01 0.03 0.02 0.02 -0.28 -0.02 -0.01 0.02 -0.00 -0.00 0.01 0.05 0.05

tXX -0.00 I»O,00|0,01 I-O.OO I-O.OO 0.00 ,0.00 0.00 0.00 0.0, 60.01 -0.06 0.01 0.01 0.01

5E5IETFIEgIE o s
I!.l— IA,.I&—I(;»—I;{ %I{I{Ig g ggl N N N
! T 1 ' l o 5
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implified Template Cross Sections Production modes

ATLAS Profminary — ® Measure mutually exclusive phase-

Vs=13TeV, 139 fb" ==———x Syst. 1 SM
my =125.09 GeV, ly, | <25

Pay=91% SPACES in agreement with theory and LHC experiments

Total Stat. Syst.

P +0.32 +0.21
0-jet, pi< 10 GeV 0.75 _0.30 (=0.25, 017

~ " +0.24 +0.19
0-jet, 10 < pY <200 GeV 122 55 (=015, oyg

T-jet, p! <60 GeV I'_a|="I 092 05, (=089, 1050 M M 1

— s 58 0 85 » In terms orf Kinematics ot the Higgs or
i | H061 1047 +039

1-jet, 120 = p# < 200 GeV |'_¥!_| 072 s (loas To33)

—e——- ze B3 (04 0% ' d ' in prod ion
= 2-et, m;, <350 GeV, 120 < p <200 GeV I._aﬁ_l 0.60 jg'jg (ou jggg) I ] I P u I °

-0.40"
" o +1.18 4078  +0.88
= 2et, m; =350 GeV, p <200 GeV |_§=_I 202 "8 (078 08,
200 = p! <300 GeV 097 +0.53  +0.34  +0.41
T -0.39 '-0.33° -0.2¢

f——— | ot 43 (38 92, c e . .
= +1.76 4121 +1.29

I—E-E—l} o ) 4 4 eI"ISItIVIt)’ to deviations Trom .

f——————y o 2 (1 0%

= 2-jet, m; <350 GeV, VH veto |

w

o

@
IN
3
@
IN
o
8

|
o
@
L

Y 1093 4088 +0.28 ° °
T oo 48038 08 » Avoidance of large modellin
iz . Y 0. 66 10
= 2-jet, 350 = m, <700 GeV, p <200 GeV F—ﬁl=—| 088 ‘oo7 (‘060 029

X H +0.39 , +0.28 +0.27,
= 24jet, m; = 700 GeV, p*’ <200 GeV == 111 "0as (Coor 020

] ] L]
X H +0.47 +0.42 +0.21
=2et, m; =350 GeV, p7' = 200 GeV I"_*_'l 134 541 (o377 017 u n C e rta I n tl e S
_________________________________________________________________________________________ [ ]

p¥<150GeV
p¥z1SOGeV

— o 7 2 4 APPI‘OXi mate expe rimental sensitivity.
pY =150 Gev f————— 010 TGgg (‘go 029

H v } +0.83  +0.79 +0.24
Py <60 Ge I ® I I 074 o8 (06 -0.09)
_ 60 < p" < 120 GeV l_._i 071 1055 (1053 4015
ttH x B, T I 045 {045 -0.06
” 120 = p" <200 GeV '_¥_.| 1.05 065 (4060 4025
; —— - s iam an

H +0.; .. +0..
Pt =200 GeV 095 547 (Zo4e —0.10)

L } ] +325 4315 +0.79

tHxB, I __ } 1 077 240 (230 -o0e8)
) . 31 +021

0O-jet, p;‘ <10 GeV l—*r-l 0.95 tgg? ( i_zev tg_m)

. " 1023 4017 +0.15

0det, 10 = p’¥ <200 GeV f=o={ 114 To50 (160 012)

- 1044 4039  +0.20

Tet, p'Y <60 GeV == 023 ‘o4 (L35 _022)

- | " w052 1041 031
99—H x B, 1-jet, 60 = p¥ < 120 GeV 143 42 (037 —019)

1-jet, 120 < p;’< 200 GeV

+0.83  +0.78 +0.27

= eans a2 | @ m m

= 2-et, p¥ <200 GeV I-—*—-l 027 i?:g‘l_ (fig iggg) va n age O C O P e e n a ry
P! =200 GeV f————— 227 "o (Ygor Toas)

VBF topo —=— 061 4058 +047 *e® M ° o
: ' NEE sensitivity In production trrom
9q—>Hqq x B, = 2-jet, m; <350 GeV, VH topo I.—Ig : 159 ‘270 (1264 4050

i H 1 +1.92 4191 +0.18
= 2-jet, m; =350 GeV, p!! = 200 GeV '_g; | 005 192 (111 +015,

D S [ Loy different final states:

+1.72 ,+1.67 +0.40

fop x Bz l I- == I 165 110 (1000 -0.18)
, 1049 1031 +0.39

qg—Hiv x B Py <250 Gev I SEm— i 078 548 (L0350 -038)

bb v +0.32 , +0.27 +0.18, *
= » mi; > 450 GeV from H—WW
v +0.74 ,+0.47 +0.57 '-]J
pY <150 GeV I—*—I 084 570 (Jo4e _053)
99/aq—Hil x B 150 = pY <250 GeV I—*—l 110 "

. ) }

v 1034 4029 +017

pY =250 GeV }—;*-'I 109 531 (028 -0.14)
1

» ) 0 . s » High prtfrom H—bb
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Production modes

Simplified Template Cross Sections

ATLAS Preliminary

Vs=13TeV, 139 fb™

my, =125.09 GeV, |yH| <25
Pgy = 95%

—e— Total I

SM

B,,/B .

B,5/B .

o

gg—->H

qq—Haq

qq—Hlv

0-jet, pff < 10 GeV

O-jet, 10 < p < 200 GeV

1-jet, p;’ <60 GeV

1-jet, 60 < p' < 120 GeV

1-jet, 120 < p!! < 200 GeV

> 2-jet, m; < 350 GeV, p!/ <120 GeV

> 2-jet, m; < 350 GeV, 120 < p < 200 GeV
> 2-jet, m; 2350 GeV, p'; <200 GeV

200 < pff < 300 GeV

300 < p? <450 GeV

p’; > 450 GeV
<1-jet

> 2-jet, m; < 350 GeV, VH veto
> 2-jet, m; < 350 GeV, VH topo

> 2-jet, 350 < m; < 700 GeV, p’: <200 GeV
> 2-jet, m; 2700 GeV, p'; <200 GeV

> 2-jet, m; 2350 GeV, p'T* > 200 GeV

p¥ <75 GeV

75< p¥ <150 GeV

150 < pz <250 GeV

pY >250 GeV

pY <150 GeV

150 < p: < 250 GeV
pY 2250 GeV

p*T’ <60 GeV

60 < p’; <120 GeV

ttH 120 < pf! < 200 GeV ——
p =200 GeV —eH

tH 1o |
||||| | | ||||||| | | ||||||| | | ||||||| |
1072 107! 1 10

SM
0XBy,./BZ;. [pb]
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® Measure mutually exclusive phase-
SPACES in agreement with theory and LHC experiments

» In terms of kinematics of the Higgs or
associated objects in productions.

» Sensitivity to deviations from SM.

» Avoidance of large modelling
uncertainties.

» Approximate experimental sensitivity.

® Advantage of complementary
sensitivity in production from
different final states:

» my > 450 GeV from H—WW*
» High prffrom H—bb
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Couplings interpretations

® Interpretation of couplings cross sections in the context of new physics.

® Assuming production and decay are factorised

(k) X T's(k)
I'n

O'iXBfZ

® Coupling strength modifiers

2l At S -
If_ . ATLAS Preliminary )
E {s=13TeV,24.5-139 b 7.4 =
. , S C  m,=125.09GeV,|y |<25,p_ =84% & =
2 0-] 2 F] = |> - | H SM ,-".W ]
K< = Kj — _SM J 10 SM Higgs boson —
7 oM [ : =
] J - N
-2 —
107 E o :
- -+ 10~ . =
ky = 1.03 +0.03 O E .
e - m, (m,,) used for quarks -
KF = 0.97 £ 0.07. 10 1 1 . E
> C * ]
< 14f -
5 i -
1.2 -
> : [ ]
30 A ) — -
0'8 :-_A AAA“ & s P A P | VS — e a —-:
ATLAS-CONF-2019-005 10°! 1 10 102
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Couplings interpretations

Production mode

® Results interpreted in the context of new physics:

» Standard Model Effective Field Theory as the standard
candle.

» Probe for non-SM contributions to the tensor

structure of the Higgs boson.

® Enhance sensitivity
» by isolating dependencies in Wilson coefficients (c))

allowing for simultaneous extraction through

eigenvector decomposition of the dependencies.

ATLAS Preliminary /s=13TeV, 139fb!
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Couplings interpretations Production mode
® Results interpreted in the context of new physics:

=i e A b )
Lsmert = Lsm + Z e —0,” + Z POJ' +
J

» Standard Model Effective Field Theory as the standard candle.

» Probe for non-SM contributions to the tensor structure of the Higgs boson.

® Account for BSM acceptance effects in kinematic observables of decay products

© rrrrrprrrrr T T T T T T T T T T T ] L L L I L Y L L B Y IR SN L S L L — L L B B I =
© 0.4F : : 1 & - - i
= - ATLAS Simulation SM 1S 4 6—_ATLAS —— Obs - ATLAS —— Obs ]
<€ 0.35 H=>27"~4l --= Cyy=-3.0 — o - H— ZZ* — 4l TH— 77* — 4] .
S T Vs=13TeV c'=0.8 ] S L L Obs w.o. Acceptance L T T e Obs w.o. Acceptance |
o u HW= Y- ] 14|~ s=13Tev, 139 fb™ - Vs=13TeV, 139 fb™ .
S o03fgeH e Cyw=0-8 = - - 7
o T Chw=3-0 . 12|~ 0Obs: 5,;1=06 [ Obs: G, =-0.03 ’
E 0.25F — - Obs w.o. Acceptance: [c, x| = 0.1 — Obs w.o. Acceptance: G, =0.10 =
2 02 = [ : A i
0.15 = - -\ G .
0.1 ] 5 =
0.05F -k & - - .
0 1 1 : 0 : | ‘:‘d L I."I: I_JMI | | L1 1 | | |1 O | "’I | | L1 | | L1 ]
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Couplings interpretations
® Results interpreted in the context of new physics:

» Results in both

Lsmerr = Lsm + Z

4+ linear approximation tor dim-6 operators and,

Production mode

4+ linear plus quadratic approximation for general sensitivity to dim-8,
suppressed by A-4

;
Chs uG b0 5 (x10)
ch

D
HW,HB,HWB,HDD,uW ,uB

o2l
HW,HB,HWB,HDD,uW ,uB
[1]
CH ,Hd,Hg"
[2]
CI-I(':I,qu‘,th P

o3
HW,HB,HWB,HDD,uW ,uB

ol
HG,uG,uH,top

1
el o (x0.1)

BROOKHFIAEN
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ATLAS Preliminary —— 68 % CL
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my =125.09 GeV, |ys| <25 —— Linear
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| | ‘ | |
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5. Differential cross section measurements
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Phase-space Differential cross section

® At Run Il sufficient statistics for constraining differential measurements

® Fiducial cross section definition
» including detector efficiency (C) , detector acceptance (A) and branching &

N fit
L X C;

O'i,ﬁdZO'iXAiXBZ

» Cuts mimicking reconstruction selection:

(i) Model independent result.

(i) No extrapolation beyond measurable phase-space

ATLAS Vs=13 TeV H—Z7* — 4]
c T T T T T T ]

® |n diboson channels, resonant peak over smooth =Rt U TS VO O O O O sl
background - Jan O O WO O O W O s

» Good resolution on final-state particles, in particular in so20| . 002044 001
H%4-Q, YY 60-80 20.0220.4120.012

® Unfolding performed within the signal extraction fit = ............ Gl - ............ <<<<<<<< |

» Via detector response inversion.

3 Reduces further any model assumptions in disentangling T ............ ............ ............ ............ ............ 44444444 _|
for detector effects ' o T T O O R R

0-79 0. 20 20. 30 30.4 5 %56 60~80 80.4 2072@ 0%0(1 3 562’)50~ 100,

pf [GeV] (reco)
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Inclusive cross section
® |nclusive fiducial cross sections:

Differential cross section

( H—yy 604 + 6.1 (stat.) + 6.0 (exp.) + 0.3 (theo.) fb

BROOKHIAEN G. Baron

NATIONAL LABORATORY

» SM predictions of 3.33 -

® For ZZ also cross section per final state

- 0.15 fb (H—ZZ) and 63.5 -

- 3.3 tb (H—yYy)

» Eventually sensitivity to final state interference (10%) in same flavour quadruplets

r

ATLAS
H— ZZ* — 4]
{s=13TeV, 139 fb™

[ ] Syst. uncertainties
ggF@N3LO + XH

MG5 FxFx + XH

NNLOPS + XH

HRes 2.3, NNLO+NNLL + XH

Cross section [fb]
SN
[pb]

© o o 9
N A~ OO ©
TT T 71T

s odQ=aoa

rigog+og '
1

w

N
C
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Differential cross section

Interpretation

® In H—40 m\, vs ma4: sensitivity to contact g
Interactions: 140
120

» &r, eLand K: flavour universal modifiers of the contact 100
terms between H, Z and leptons (arxiv:1504.04018) 80

60

4+ Angular distributions unaffected: same Lorentz structure *0

20

as SM term.

[ I I I i
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Higes boson kinematics Differential cross section

® 40:isolate signal under the Higgs resonant peak (115 < mup< 130).
® vy cross section extracted from resonant peak over the vy continuum.

® Higgs boson pras(yy) and rapidity (yss(,y)) probe.

» PT40(vv): Lagrangian structure of H interactions, Yukawa couplings
> yap(yy): Sensitivity to proton’s parton density functions.
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Phase-space Differential cross section

® At Run Il sufficient statistics for constraining differential measurements

» Increased precision needed to disentangle effects from higher-order corrections
from observables spectra:

» Ex Higgs ptas a function of jet vetos

A Peak resummation

N3LL+NNLOg (c0)

Fixed order dominates

Transition region

dO‘/de

NNLL*+NLOg(myp)
my effects

N LO 1 (mt )
m, effects

pPT
Depiction adapted from F._Tackmann

BROOKHFIAEN G. Barone
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Phase-space Differential cross section

® At Run Il sufficient statistics for constraining differential

measurements

» Increased precision needed to disentangle effects from higher-order corrections
from observables spectra:

» Ex Higgs pras a function of jet vetos

» State of the art predictions in these regions start being published.

3.0
g5 NLL+LO
Peak resummation &5 NLO
2.5 - #&%%% NNLL+NLO
> _
g 20 RadISH+MCFM
NG 13 TeV, pp — H+ X, with pj < 30 GeV
a NNPDF3.1 (NNLO)
— 1.5 = uncertainties with ugr, wr, Q variations
<
~
> 1.0
2
3 i Fixed order dominates
0.5 1 4%
I'.’
/9
b
0.0 4 L .
N/ Transition region
]
I I

1 10 20 30 40 50

H [GeV. Monni et al Phys. Rev. Lett. 124, 252001 (2020
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H and jets variables Differential cross section

» Increased precision needed to disentangle effects from higher-order corrections
from observables spectra:

» Measurements at Run-2 competitive on these state-of-the art predictions

» Ex RADISH and NNLOJET.
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H and jets variables Differential cross section

L] °
S T T T T T
® Double differential d2c /dprd Ny: 2 (2 ATLAS Prolminary = o-Hasan o B Py 0P 11
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6. Conclusions
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Iggs physics provide an excellent picture for

» Searches for new phenomena resonant at higher scales.

» Searches for deviations to theory within the scales of the experiment.

volume 80 - number 10 - october - 2020

® Run Il first results of ATLAS in the study of C
Higgs boson properties B vt

Particles and Fields

1.Measurement of my at 2 per mille precision
level.

2 .Fiducial cross section measurements, sensitivity
to several distributions

3.Production mode analysis and template cross
section measurements.

@ @ Springer

Societa Italiana
di Fisica

® Presented only a selection results full set

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults
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Additional material
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4_@ mass SDectrum Differential Cross SeCtiOn

® Study of the the m4p spectrum and Offshell H production
q €—|- +

14
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_ () e 4 (%) "
£ & 000 720 0 4 s
0 Voo e ----L g, b
l q I H(*)
AR 5 \QQQQI—=—~~
q_ €+ Z A /g g-l—

» masyp ranges from single Z resonance, including H production up to ZZ production
» Extraction of the BR(Z— 40)
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Measurement By _ur/107° = s=13 TeV, 36.1 fb . - .
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ATLAS, Vs = 13 TeV 4.70 + 0.32(stat) % 0.21(syst) % 0.14(lumi) ] :
10 =
» Offshell Higgs production, enhanced at 350 1 ’
GeV because of top-quark loops in ggF _
ke
+ Including interference between H and ZZ B R SR
' x| ¢
pro ductions. ?c) 1 z‘//f/ //t/}//*//}//’//&/://?//{wx/////%///////%//////%/
» Above ~ 2mz enhancements of qq —77 and B Bl
(] £, ) ) ) ) ) L
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4_@ mass SDectrum Differential Cross SeCtiOn

® Study of the the m4p spectrum and Offshell H production
q ['_ +

14
7(*) g A
_ () e 4 (%) "
£ & 000 720 0 4 s
0 Voo e ----L g, b
l q I H(*)

AR 5 \QQQQI—=—~~

q_ €+ Z A /g g-l—

» masyp ranges from single Z resonance, including H production up to ZZ production
» Extraction of the BR(Z— 40)

—6 T T T T T
Measurement Bz-4e/10 ATLAS Simulation  — g 4

>

)
ATLAS, /s =7 TeV and 8 TeV [8] 4.31+0.34(stat)=0.17(syst) O s=13 TeV . _
CMS, V5 = 13 TeV [6] 4.83 *0-B(stat) *0:32(syst)=0.08(theo)+0.12(lumi) 2, — 99— 4l (inclusive)
ATLAS, Vs = 13 TeV 4.70 + 0.32(stat) = 0.21(syst) + 0.14(lumi) e

O

o

©

» Offshell Higgs production, enhanced at 350
GeV because of top-quark loops in ggF

- --- gg—H — 4l
1 Ty gge_ZZ — 4]
bl"-|_|_,_ -+= VHAtH/VBF H — 4l

4+ Including interference between H and ZZ 100k
productions. :
)_u_ P 1! bl ! . | i a L
» Above ~ 2mz enhancements of qq—ZZ and 80 100 200 300 400 1000
gg— /1. m, [GeV]
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4_@ mass SDectrum Differential Cross SeCtiOn

® Study of the the m4p spectrum and Offshell H production

q I "
(+) g s
” () e 1 (+)
£ < z (+) - AW
- ) Z / N
‘ —--= ) b
g e ) ¢
Z(*) g ~
q A g 0 VA ot
» masyp ranges from single Z resonance, including H production up to ZZ production
» Extraction of the BR(Z— 40) % | ATLAS ]
% T="Vs=13TeV, 36.1 b 3
Measurement By _ar/107° t;_r v ]
ATLAS, /s =7 TeV and 8 TeV [8] 4.31+0.34(stat)+0.17(syst) S B ]
CMS, /s = 13 TeV [6] 4.83 *023(stat) *932(syst)+0.08(theo)+0.12(lumi)  §
ATLAS, V5 = 13 TeV 4.70 + 0.32(stat) % 0.21(syst) + 0.14(lumi) © 10

» Offshell Higgs production, enhanced at 350 1072
GeV because of top-quark loops in ggF

® Data

---------- Sherpa @ NLO EW

4+ Including interference between H and ZZ

CC) 10—3 EEREEEEL Powheg @ NLO EW @ NNLO QCD
PI"OCI uctions. EU' E —— Matrix fixed-order NNLO
@ _ ! ! =
0 i ' T
» Above ~ 2mzenhancements of qq—=ZZ and & ™op E
gg—LL. IS

© :
o} | i
g 200 300 400 500 1000
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40 mass spectrum
o Study of the the m4g spectrum and off-shell

P

> Offshell Higgs production, enhanced at 350 GeV because of top-quark loops in ggF

]

+ on-shell event yields ~

» Measured upper limit on width combining 42 and £0vv

[T T T T I T T T T

- ATLAS

- H* - ZZ — 41,212v
—13 TeV, 36.1 b

Expected-Stat. only
—— Expected ]
Observed-Stat. only ]|
—— Observed

FT T T
_ ATLAS
- H* = ZZ — 41,212v

13 TeV, 36.1 fb™
- gg—>H'—ZZ, VBF H*-ZZ_

-2In(A)
-2IN(A)

L L T 1]
Expected-Stat. only T
— Expected _
Observed-Stat. only ]|
—— Observed

-2In(\)

production

» Limit I'y possibile from the off-shell to on-shell event yield ratio R,

k2g on-shell / 1", while off-shell ~ k2, oft-shen

Differential cross section

arXiv:1902.05892

- ATLAS

- HY — ZZ — 4l,212v
—13 TeV, 36.1 b

==
e
s

_IIII|IIII| IIIIIIIIIIII |IIII|IIII|_
----- Expected-Stat. only

—— Expected
----- Observed-Stat. only
—— Observed ]

Ky, on-shell = Kv, off-sheir L /T'gy=1
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Object selection
® Electrons (e).

» Isolated objects clustered from calorimeter
energy deposits with associated ID track.

» Er>7 GeV, |n| < 2.47 and |zo sin(V)] < 0.5 mm

® Muons (u).

» Combined track fit of Inner Detector and
Muon Spectrometer hits,

» bt > 5 GeV, |n| < 2.7 |zo sin(V)| < 0.5 mm of

“loose or medium quality”
» Isolated objects

® Jets ().

» Energy deposit grouping with infra-red safe
algorithm:

» pr > 25 GeVand |n| <45
4+ Clustering with anti-kt R—=0.4

BROOKHFIAEN G. Barone
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ID efficiency
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Reconstruction and selection
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Object selection Reconstruction and selection

® Electrons (e).

» Isolated objects clustered from calorimeter
energy deposits with associated ID track.

» Er > 7 GeV, |n| < 2.47 and |zo sin(V)] < 0.5 mm

® Muons (u).

» Combined track fit of Inner Detector and
Muon Spectrometer hits,

» bt > 5 GeV, |n| < 2.7 |zo sin(V)| < 0.5 mm of

“loose or medium quality”
» Isolated objects

® Jets ().

» Energy deposit grouping with infra-red safe
algorithm:

» pr > 20 GeVand |n| <4.5
4+ Clustering with anti-kt R—=0.4
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Efficiency

Data / MC

ATLAS
Vs =13 TeV, 139 b —+— Jhp—uu Data
0.94 Medium muons —— Jp—uu MC

—»— Z—yuu Data

. o .
O
(o]
T PR TPPR IR AT AAIOOR PP

g 02 S Il Stat only Sys @ Stat .|




Object selection Reconstruction and selection

® Electrons (e).

11 T T T LI B B

ATLAS Preliminary Vs =13 TeV

£p (tight)

» Isolated objects clustered from calorimeter 13 %‘ﬁﬂw‘—F —
energy deposits with associated ID track. 3 TI E

0.8 —

i - Y 06<m<1.37 1

» Er>7 GeV,|n| <247 and |zosin(V)] < 0.5 mm comvertedy
0-62_ — —=— Electron extrapolation (36.1fb'1)_§

® Muons ( lu) o.5§— —e— Matrix method_537.1fb'1) —
: 0.4 ——Z — Iy (36.1fb") E

» Combined track fit of Inner Detector and : - .

- L
O —
w

, 10°
Muon Spectrometer hits, E, [GeV]

» bt > 5 GeV, |n| < 2.7 |zo sin(V)| < 0.5 mm of

“loose or medium quality”
» Isolated objects

® Photons ().

» Clustering of calorimeter energy deposits.

» Identified with rectangular cuts on shower shapes.
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Object selection Reconstruction and selection

® Electrons (e).

y

_|||||||||||||||||||||||||||||||||||||
- <IJ~> ~ 24 —eo— | C+JES Jets .
: —+— LC+JES Jets [JVF|>0.25 ]

\s =8 TeV —¥— Particle Flow Jets

- |<1.0 ATLAS Simulation

TTTTTTTTTTTT

—
o
@

» Isolated objects clustered from calorimeter
energy deposits with associated ID track.

» Er>7 GeV, |n| < 2.47 and |zo sin(V)] < 0.5 mm

—
o
N

—
TT 11 T T 1
| L1 11 [ | | L1 11

Reconstruction Efficienc
; o
|
|

o

O

©
E
Lol

® Muons (u). o E
» Combined track fit of Inner Detector and S
Muon Spectrometer hits 30 35 40 45 50 55 60 65 70 75 80
" plrve [GeV]
» bt > 5 GeV, |n| < 2.7 |zo sin(¥)| < 0.5 mm of !
“loose or medium quality”
» Isolated objects

® Jets ().

» Combined from energy deposits in calorimeters
and charged particles momenta

» pr > 20 GeVand |n| <4.5
4+ Clustering with anti-kt R—=0.4
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Object selection Reconstruction and selection

® Electrons (e).

» Isolated objects clustered from calorimeter
energy deposits with associated ID track.

» Er>7 GeV, |n| < 2.47 and |zo sin(V)] < 0.5 mm

® Muons (u).

» Combined track fit of Inner Detector and
Muon Spectrometer hits,
» bt > 5 GeV, |n| < 2.7 |zo sin(V)| < 0.5 mm of

“loose or medium quality”
» Isolated objects

® Missing transverse energy ([f/miss),

» Inferred from transverse momentum imbalance

BROOKHFIAEN G. Barone
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Couplings interpretations

® Interpretation of couplings cross sections in the context of new physics.

® Assuming production and decay are factorised

oi(k) X I'r(k)

o X By = T ky = 1.03 £0.03
® Coupling strength modifiers kr =0.97 £ 0.07.
29 2 L
=Y Y
/ J
ATLAS Preliminary s GL
. . . (s =13 TeV, 24.5 - 139 b T
® BSM contributions in loops and 1250000y 1525 om ol
decays ..
» kgand ky measured with all other - T ]
modifiers fixed to SM value. tr i bl
» Both hypotheses of invisible decays B, “
(Binv and Bund floating, with kr=kv=1) L B, =B,=0 1 p, = 70% .
and no invisible decays (Bin= Bund=0). B | p,=51% “
| | | i | |
09 1 11 0 0.5 1

ATLAS-CONF-2019-005
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VBF in WW* Production modes

® [/[/I% | ion S e[ BARALAERRARARRNRARRA RARRN RS RARRNRRRE
W 67JHV Se eCt O f 106? ATLAS Prellmlnary -+-Data &Uncertamty _g
[ Vs=13TeV, 139 fb" ’
» Two isolated leptons pr(£) >22 GeVand € 1op w-wwone  Zh B
PT(-Q) > |5 GeV |_|>_| 104; e Bww B zn _f
) Eqmiss > 20 GeV ; e Mis-ld [ other vv §
10 =
» Neural network for VBF production - l :
10° E
® Neural network for VBF production
10
® Background estimation: 1
8 |.Non resonant WW production 5 14F =
S 2. tt production S = 1'2;_ __
S 2. § 3 Ww\
O 3.Drell-Yan: Z—17T S B oosp E
o o = 065 — =
® 4.Hadrons misidentified as leptons: & g
V) — o m—
%, » WHijets tt and WZ production w2
o0 C 5
O m
5.27* WZ, Wy(*) production in U . R
Q é Top oy et o o) .25, (025 059]/0 59073]/o 73083j/0 83089]/0 89093][093 7.00
6. Single-top-quark (Wt) production 4
N CRs DNN output in SR
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VBF in WW* Production modes

P 60 T T I‘J T T T T T | T T 1 | T T 1 | T T 1 | T T T | T T T | T T T | T T 1
c | | | | | | | i < - -. " ]
—— 6 N . - \
8 10°5 ATLAS Preliminary ~ —Data A\ Unceriainy Jgo & & ¢ ATLAS Preliminary ]
7 " {5=13TeV, 139 fb” B Hyge B e ] ~ '- Vs =13TeV, 139 fb” -
E 105 — H —- WW* — evuv - Other H /Wt | I 50— H — WW* — eV‘LLV __ 70
4 E e m ww Mz | A i
LLI A Mis-Id Bl other vV 60 ] — Observed
10°¢ y 40 = —— Observed (theo. syst.)
- o . - —— Observed (stat. only) 160
1 03 — T U U T EXpeCted .
= - 40 a0l 2 \\ v\ - Expected (theo. syst.) |
o[ . SN N W T PP Expected (stat. only) -
10° 8 E B 150
10 20 201 i
B 140
1 0 10 n 130
Top CR Z+jets CR [0,0.25] [0.25,0.59][0.59,0.73][0.73,0.83][0.83,0.89] [0.89,0.93] [0.93,1.00] - -
- N 120
CRS DNN OUtpUt In SR O_I 11 i 111 i 1 1 | i ] >3’:\7’-U7:" " 1 i L1 1 i L1 1 i [ 10’
O 02 04 06 08 1 12 14 16 18 2
MVBF

® Measured production cross section 0.85 + 0.1(stat) 101713 (sys) pb

» Significance of the signal observed of 7.0 O
+ 6.20 expected for mu = 125 GeV.
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Reconstruction and selection

® //*— 40 (€= u,e) selection:
» Isolated leptons with: p1(£) > 20 GeV, |5 GeV 10 GeV and 5 (7) GeV
» Leading pair: pair closest to mz,

» Vertex refit: X2 cut at 99.5% signal efficiency
» Final state photon emission recovered

— T T T | T T T | T T T | T T T | T
- . . ® Data
: ﬂl"ézs* irillmmar iogs (120620

- P - ) -
- s=13TeV, 139 fb O VWY

B Zijets, tt ]
2+ Uncertainty .

—h — —h
A O O
o O O
t

Y,

7

Events/2.5 GeV
NN

—_

o

o
T

80f
60f
sl
2ol |

%O 100 120 140 160

. . m,, [GeV]
® Background estimation

|. ZZ" production in 42 (dominant) 3 ZZZ, WZZ and WWZ (sma”)

» From gg annihilation and gg fusion (subdominant)

2. Hadrons misidentified as leptons:

» Z+jets tt and WZ production

» Extrapolation to signal region making use of

Based on data o Based on simulation
January-2|




Reconstruction and selection

® Diphoton event selection

» At least two photon with Et> 25 GeV
» Highest Et pair forms candidate.

» Vertex identification with Neural Network

+ Vertex within 0.3 mm for 79% of ggH
events.

® Background estimation

» Entirely estimated from data

» Prompt photons: maximum likelihood fit
to myy spectrum

» Jets misidentified as photons: from
control sample

63

> [T T | T T T T | T T T T T T T T | T T T T | T T T ]
§ ~ ¢ Data ATLAS n
g OO0 --.... Background (s =13TeV, 36.1 fo'
S — —— Signal + Background m,=125.09 GeV
o - i |
= 500— Signal In(1+S/B) weighted sum  —
2\ R ]
400— —
300[— —
200(— —
100— .
:. i, | .
[@)) L B | -
fé = .
- 20 .-
2 - 3
T 10 3
[ .
; -
N 10 + ....................... =
110 120 130 140 150 160
m, [GeV]
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Reconstruction and selection

WW*— 890y

® [WIW*— eyuv selection

» Two isolated leptons p1(£) > 22 GeV and
pt(£) > 15 GeV

p Ermiss > 20 GeV
® Signal-to-background discriminants

» Trasnverse mass (mT) for ggF production
and Boosted Decision Tree (BDT) for VBF
production

® Background estimation

|.Non resonant WW production

2. tt production
3.Drell-Yan: Z— 1T

4. Hadrons misidentified as leptons:
» WHijets tt and WZ production

) G. Barone
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100

300

- ATLAS Preliminary
H—=WW*—evuv, Nt <1
Vs =13 TeV, 36.1 fb"
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-~ Data

N Uncertainty

B ww
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[] Mis-Id
 zy

] ftwt

I Higgs

Based on data " Based on simulation

5.27%* WZ, Wy(*) production in

6. Single-top-quark (Wt) production
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Et(e/y) resolution Mass measurement
® Good energy calibration necessary for increased precision on mn

» Two step approach: i) material energy loss and ii) global calorimetric scale
from Z—ee data

® Jotal scale uncertainty of at 40 GeV at the per-mille level.

3
> 0.006 T I LI I 1 1 | T 1 | T 1 1 T T 1 I 1 1 I 1 1 > 120011(? LA LI S Y I B O B O N B N B LI I I B B I B B B L S B N B B
E B Totaluncertainty ... MG/HG gain N 8 ~ ATLAS Preliminary +4-Calibrated data ’
[ I — 2 *czfi;a"b' — ID material i 2 1000/ V5=13 TeV, 36.1 b —Corrected MC
8 0.004 wow Material ID to PS — = - Z—ee Scale factor uncert.
% ----------- Uy b € e Material PS to Calo : -GC—)- 800_— T
0 . i C 0
S 0.002 ST s00"- E
U) a cm s a — —
> B i
o 400— —
® — —
c B _
- 2001~ ~
—0.002f — f .
ATLAS e T e B I
| O 1.1_— =
—0.004 Electrons, m|=0.3 _ = 1.05p e, e, , =
R i | E 1:_ ................................ M’""'—.—-‘-_._wm—.—..._.__._ ................................................ =
| | | | 1 | | | | I 1 | 1 I 1 | | | | | 1 | 1 | 1 | 1 1 | I 1 1 | I | 1 E O 955_ -.-.-".'-.-".' '."-.-.-
20 40 60 80 100 120 140 160 180 a 0 oF 3
E; [GeV] 80 82 84 86 88 90 92 94 96 98 100
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Et(e/y) resolution Mass measurement
® Good energy calibration necessary for increased precision on mn

» Two step approach: i) material energy loss and ii) global calorimetric scale
from Z—ee data

® Jotal scale uncertainty of at 40 GeV at the per-mille level.

O ' 008 — I I I C I b I L I I b I I L I I b I I C I ] b I — O 008 I I I I I I I I I I I I I I I I I I I I I I I I I I I I
| Total uncertainty  _.... MG/HG gain | : L I ! _I I ! ] I I -
| [ Z - eecalib. g - - - - Lateral leakage B n Total uncertainty ... MG/HG gain |
g ——— ID material | [ Z — eecalib. . - - - - Lateral leakage ]
0.006+— ---- 0pg calib. Material ID to PS — 0.006 alib —— ID material
o aterial ID to _ — e a . —
B Oy M Material PS to Calo " Conversion eff. ] . L o W Material ID to PS c ion eff —
.............. — Qypp -+ Conversion eff.
O 004 - Oy b —€ — : ......... Oyp b —e mmmes Material PS to Calo :
004 - 0.004

o
o
S
R

O
o
o
[\
T

Energy scale uncertainty
Energy scale uncertainty

R s - 011‘1’ o
—0.002 = ~0.0021—
-0.004  ATLAS = 0.004F— 2 —
- ~ —0. ATLAS
- Unconverted photons, n|=0.3 - " Converted photons, in|=0.3 g
— 11 I | | | | | I | | I 1 1 1 I 11 1 I 1 1 | I 11 1 I 1 1 | I 1 1 ’ ) —
0-006 20 40 60 80 100 120 140 160 180 _0.006 | 12IOI | 14101 1 16101 | 18101 1 ‘IIOIOI | :Iéol 1 ‘II4I-OI | -lléol 1 %8I0l 11
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Mass measurement
® //— vy updated result at Run Il. ArKiv:1506.00242

» Analytical function in kinematic and detector categories.

» Reduction of uncertainty through categorisation of events as a function of
resolution and signal significance.

® Expected statistical uncertainty of 0.2|1 GeV and 0.34 GeV systematic uncertainty

Em = 124.93 + 0.40 (0.21 stat only) GeV |

> m L B -
O — _
O sook 0 Data ATLAS -
g - — gfzgcnkgjlrgul??:ckground Vs =13 Te-V, 36.1 b .
2 500 Signal In(1+S/B) weighted sum - 3 Source Systematic uncertainty in myg [MeV]
i] 4002_ E EM calorimeter response linearity 60
u ] Non-ID material 55
300:_ = EM calorimeter layer intercalibration 55
- 0% - 7 — ee calibration 45
200 = ID material 45
= ] Lateral shower shape 40
100 s Muon momentum scale 20
E. | L~ | | ] Conversion reconstruction 20
2 - s ' ' E H — ~~ background modelling 20
§ 20§_ 3 H — ~~ vertex reconstruction 15
2 10§_ JE e/~ energy resolution 15
g 0 All other systematic uncertainties 10
W 10
110 120 130 140 150 160
m,, [GeV]
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Introduction

Standard Model Production Cross Section Measurements

1071
1072

1073

Status: July 2017

P B ATLAS Prelimi
OAO inelastic reliminary Theory
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A
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e Higgs boson decay channels considered in this talk :

(i)
(i
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»Dibosons (ZZ*—48, WW*—€v£8v),and vy

»fermions (T, bb,ul)
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Di-Higgs production

® The Higgs boson can interact with itself through quadratic terms in the
Higgs potential

L=~ Fu"
+ i D)
+ D, 0T DI —(V(0) ) el V() ~ —p2(0T D) + \(@T D)’
LU Y DU + hec.

» About 500 times suppression of o(gg—H) (48.5 pb) / o(g9—HH) (~33.4 tb)

» Destructive interference between the terms proportional to the K2
and the product of K:; and K

KI

ré’ 000000 y——>——¢——————- H ¢ S . waw@m " D

iy T S5 B

L
A -———X
L E N S H N
8 66000000 %—<———————- H s ” H 8 6666060 \\. H

_ K, ‘ J "

» Single Higgs process do not depend on the trilinear self (AnnH) coupling at LO but
are needed for the NLO EWV corrections.

® |ndirect constraint with comparing NLO EW dependant AxnHH effects

ATL-PHYS-PUB-2019-009
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http://cdsweb.cern.ch/record/2667570/files/ATL-PHYS-PUB-2019-009.pdf
https://cds.cern.ch/record/2638212

Di-Higgs production

® Modified Higgs production cross section and branching rations to account
for NLO EW corrections (Kiew and Cf)

= LA L B L L B B LR ]
U)b 1.4j 7
- : 120 .
oM Bsm ,  (ka—1)C N *
ik, ki) = —gr = Zgp (K | K + —— e
o K !
EW 0.8F-
T —o_ ./ oM
B ggF © “ggF ]
BR?SM szp + (K/l — 1)C{ 0-67 — Oyge / Oom 7]
/“lf(K/b Kf) — SM — . 0.4t — O/ S -
SM r .
BRf 2 BRJ. [KJZ + (k3 — l)C{] o Gy | OV E
r OttH/Gt?IIXI ]
R B R PR PR PR

0]
-20 -15 -10 -5 0 5 10 15 20

K

A
= W
. . . . —~ - ATLAS Preliminary E
® Combined fit over Higgs STXS combination £ ° s-srevses-msw _
" 8 my=125.09 GeV E
73_ :EIZI :)-nlg(p. Sys. _f
7 . 63— :%atl;fs):ztSeréx;Ssl?/sTrsS.gs Th. Sys. + Bkg. Th. Sys. -
Ky = 4.0757 = 4.073 ] (stat.) 712 (exp.) T3 (sig. th.) o5 (bke. th.) I
o
» 95% C.L. -3.2 < Kx< | |.9 comparable over direct 2
HH searches (-5.0 < kx < 12.1) L&
O_I
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Higes boson kinematics Differential cross section

® 40:isolate signal under the Higgs resonant peak (115 < mup< 130).
® vy cross section extracted from resonant peak over the yy continuum.
® Higgs boson pr,4p(yv) and rapidity (yse~)) probe.

» PT40(vv): Lagrangian structure of H interactions, Yukawa couplings
> yap(yy): Sensitivity to proton’s parton density functions.

E‘ B I I I I I I ] E 80 L | L | T T I-l I. T T | T 17T LI | L | L | L | T 17T | T 17T | T 17T
= [ ATLAS 4 gata - = - ATLAS Preliminary H—yy,{s=13TeV, 139 fb™ -
=2 B * yst. uncertainties N — | . |
_;\_ 5(—H—= 27" = 4] ; I MG5 FxFx K = 1.47, +XH ] >\>~ —+— Data, tot. unc. NN SySt. unc.
5 - Vs=13TeV,139fb = NNLOPSK=1.1,4+XH - 5 ]
S - 222222 XH = VBF+VH+ttH+bbH+tH ~, 60 == gg—H default MC + XH
4— Total stat. ® syst. uncertainty = o=l . |

B —3%— Fitted ZZ* Normalisation | '8 S NNV AN - gg—H SCETIib+MCFM8 + XH

3 B ==+ XH = VBF+VH+ttH+bbH

p-value NNLOPS = 55%

RRAUN

p-value MG5 FxFx = 49%
40

I
—
+
s
——
I|IIII|IIII|III

1 20
N e
_ e _
g .z ok
} 1.5 g 1.5}
g . >k
< 05 % X
2 1
©
Q 1.5 i)
< ke
Z -
05_ L L L L L L L _ _ —1 0(:60'5-..I...I...I...I...I...I.||||||||||||||||||||||-
0 0.15 0.3 045 06 075 09 1.2 1.6 20 25 0 02 04 06 08 1 12 14 16 1.8 2 22 24
ly |
|y4l| Yy
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Physics objects definition and

selection criteria.
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Object selection
® Electrons (e).

» Isolated objects clustered from calorimeter
energy deposits with associated ID track.

» Er>7 GeV, |n| < 2.47 and |zo sin(V)] < 0.5 mm

® Muons (u).

» Combined track fit of Inner Detector and
Muon Spectrometer hits,

» bt > 5 GeV, |n| < 2.7 |zo sin(V)| < 0.5 mm of

“loose or medium quality”
» Isolated objects

® Jets ().

» Energy deposit grouping with infra-red safe
algorithm:

» pr > 20 GeVand |n| <4.5
4+ Clustering with anti-kt R—=0.4

BROOKHFIAEN G. Barone
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Reconstruction and selection

!

»

it
'}i% q} %

= ke

— A

L ATLAS Preliminary
A (s =13TeV, 43.8 fb"
— -2.47<n<2.47

- —e— Loose

- —a— Medium

— —— Tight

| Data: fuIII, MC: op@Tn




Object selection Reconstruction and selection

® Electrons (e) . 3 L R e e e e T
: . 9 0®e0e89e000000 L0000,00%  Foosggoe, egogole®sseed
» Isolated objects clustered from calorimeter & °% ST, T
energy deposits with associated ID track. 0.9 1
. w e Data o MC
» Er>7 GeV, |n| < 2.47 and |zo sin(V)] < 0.5 mm 98 \otRrseiectionappica % o Tightmuons |
ATLAS Preliminary . —=— Medium muons
0'5_\I§=13Tev, 33.3 fo! Loose muons —]
O ————
105_ .............................................................................................................................................. ]
® Muons (u). < . .
(Iu) £ 1%6123906uguenavngcwiﬁWWWWW®W¥ﬁwn¢¢ﬁ+
» Combined track fit of Inner Detector and T |
» bt > 5 GeV, |n| < 2.7 |zo sin(V)| < 0.5 mm of "

“loose or medium quality”
» Isolated objects

® Jets ().

» Energy deposit grouping with infra-red safe
algorithm:

» pr > 20 GeVand |n| <4.5
4+ Clustering with anti-kt R—=0.4
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Object selection Reconstruction and selection

® Electrons (e).

11 T T T LI B B

ATLAS Preliminary Vs =13 TeV

£p (tight)

» Isolated objects clustered from calorimeter 13 %‘ﬁﬂw‘—F —
energy deposits with associated ID track. 3 TI E

0.8 —

i - Y 06<m<1.37 1

» Er>7 GeV,|n| <247 and |zosin(V)] < 0.5 mm comvertedy
0-62_ — —=— Electron extrapolation (36.1fb'1)_§

® Muons ( lu) o.5§— —e— Matrix method_537.1fb'1) —
: 0.4 ——Z — Iy (36.1fb") E

» Combined track fit of Inner Detector and : - .

- L
O —
w

, 10°
Muon Spectrometer hits, E, [GeV]

» bt > 5 GeV, |n| < 2.7 |zo sin(V)| < 0.5 mm of

“loose or medium quality”
» Isolated objects

® Photons ().

» Clustering of calorimeter energy deposits.

» Identified with rectangular cuts on shower shapes.
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Object selection Reconstruction and selection

® Electrons (e).

y

_|||||||||||||||||||||||||||||||||||||
- <IJ~> ~ 24 —eo— | C+JES Jets .
: —+— LC+JES Jets [JVF|>0.25 ]

\s =8 TeV —¥— Particle Flow Jets

- |<1.0 ATLAS Simulation

TTTTTTTTTTTT

—
o
@

» Isolated objects clustered from calorimeter
energy deposits with associated ID track.

» Er>7 GeV, |n| < 2.47 and |zo sin(V)] < 0.5 mm

—
o
N

—
TT 11 T T 1
| L1 11 [ | | L1 11

Reconstruction Efficienc
; o
|
|

o

O

©
E
Lol

® Muons (u). o E
» Combined track fit of Inner Detector and S
Muon Spectrometer hits 30 35 40 45 50 55 60 65 70 75 80
" plrve [GeV]
» bt > 5 GeV, |n| < 2.7 |zo sin(¥)| < 0.5 mm of !
“loose or medium quality”
» Isolated objects

® Jets ().

» Energy deposit grouping with infra-red safe
algorithm:

» pr > 20 GeVand |n| <4.5
4+ Clustering with anti-kt R—=0.4
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Object selection Reconstruction and selection

® Electrons (e).

» Isolated objects clustered from calorimeter
energy deposits with associated ID track.

» Er>7 GeV, |n| < 2.47 and |zo sin(V)] < 0.5 mm

® Muons (u).

» Combined track fit of Inner Detector and
Muon Spectrometer hits,
» bt > 5 GeV, |n| < 2.7 |zo sin(V)| < 0.5 mm of

“loose or medium quality”
» Isolated objects

® Missing transverse energy ([f/miss),

» Inferred from transverse momentum imbalance

BROOKHFIAEN G. Barone
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|

0.98F

) ~24  —e— LC+JES Jets

—+— LC+JES Jets |JVF[>0.25
\s=8TeV —— Particle Flow Jets
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Run | status

® ATLAS run | precision on my of 0.33%

» combined measurement from H—yy and H— Z7*—48.

Channel Mass measurement [GeV]

H — yy 125.98 + 0.42 (stat) = 0.28 (syst) = 125.98 + 0.50
H— 77— 4¢ | 124.51 £ 0.52 (stat) + 0.06 (syst) = 124.51 £ 0.52
Combined 125.36 + 0.37 (stat) = 0.18 (syst) = 125.36 + 0.41

» For both channels dominated by statistical uncertainty

< /g ISR BN R B B IR R R

KCJ - ATLAS —— Combined yy+4l N

gl Vs=7TeV [Ldt=4.5fo —— H—yy ]

C Vs= 8TerLdt 20.3 fb™ —  H—=>Z77*— 4] ]

5:_ ------ vyithout systematics _:

® Al in i : . - .
Aim in improving significanty onomn -\ %\ /) EN

» Expect |.7 times more candidates, 3— —

with 36 fb-! at /s=13 TeV 21 E
1:— ------------------------------------------------------------------ —:10

O:' il '."'..|....|....|:

123 1235 124 1246 125 1955 126 1265 127 1275
m,, [GeV]
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Muon resolution Mass Measurement

® Correction for local misalignments

» Charge dependent bias, with net effect of worsening resolution

» In-situ correction based on Z— U data, recovers up to 5% in
resolution.

» Iteratively removing the bias Os:

b1as< )
COI‘l‘(lu) — /J

1 — q()65(n, ) oS (p)

ATLAS Preliminary 13 TeV, 33.3 fo™' Data

vl 92.2 ! " . 1 1 T T _—:
> % ATLAS PreI|m|n1ary 4 () 4 () Uncorr. E
= O, 92 13TeV,33.3fb =
0‘3 = 918 0.8 rad < (p(plead) <1.6 rad + P«(+) '$' ]..l(+) Uncorr. =
s 91.6— Z—upu — MC Syst. uncert. _3

91.4 _E

91.2 S

91 — .

o=

90.8 _:

90.6 O —_—— —

90.4 =

) 1.005 _-

3 ]

e =
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Run | status
® ATLAS run | precision on my of 0.33%

Mass measurement

» combined measurement from H—yy and H— Z7*—48.

Channel Mass measurement [GeV]

H — yy 125.98 + 0.42 (stat) = 0.28 (syst) = 125.98 + 0.50
H— 77— 4¢ | 124.51 £ 0.52 (stat) + 0.06 (syst) = 124.51 £ 0.52
Combined 125.36 + 0.37 (stat) = 0.18 (syst) = 125.36 + 0.41

» For both channels dominated by statistical uncertainty

-2InA

® Compatibility within 2.0 G

» p-value of about 0.05.

® Aim in improving significantly on Omn

» Expect |.7 times more candidates,

with 36 fb-! at v/s=13 TeV
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ATLAS —— Combined yy+4l
Vs=7TeV [Ldt=4.5fb" —— H—yy
Vs =8 TeV [Ldt=20.3 fb” —  H— 77" — 4]

------ without systematics

------------------------------------------------------------------------

__________________________________________________________________

A Y ,

Al ,

N s

3 4, —_
| | | | III|IIII|IIII|

123 1235 124 1945 125 1955 126 126.5 127 127,
m,, [GeV]
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® /[/—vyy updated result at Run II.

Mass measurement

» Analytical function in kinematic and detector categories.

arXiv:1806.00242

» Reduction of uncertainty through categorisation of events as a function of
resolution and signal significance.

® Expected statistical uncertainty of 0.2|1 GeV and 0.34 GeV systematic uncertainty

-0.21 stat only) GeV

v 1
3 =124.93 % 0.40 (
R I L B L I R B I
ATLAS ; s=13 TeV, 36.1 fb™
g | " .
BE o~
EE .
cc .
ucC —o—
Uuu —|—0—
IIII|IIII|IIII|IIII|IIIIlIIII|IIII|IIII|IIII|IIII
5 4 3 2 1 0 1 2 3 4 5
A [GeV]
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https://arxiv.org/abs/1806.00242

H—77—4P results Mass measurement

arXiv:1806.00242

® Final estimate from 4x4 simultaneous un-binned fit
» Four kinematic categories and four final states

= O T o
® Good agreement between channels. = [ ATLAS e
Y B (s=13TeV,36.1 b —4e -
® Systematic uncertainty of 50 MeV W 22w ouze -
i —2e2u _
4 .................................................................................................................................... —26
Systematic effect Uncertainty on m%? [MeV] - -
Muon momentum scale 40 3l N
Electron energy scale 26 i i
Pile-up simulation 10 i ]
Simulation statistics 8 2 /
® Result: [ N U Y A 1
ST o S A

22 1283 124 125 126 127 128
m,, [GeV]

» 25% improved precision with respect to Run | ATLAS Combination.

I%Z* = 124.79 + 0.36 (£0.05 stat only) Ge\a
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Reconstruction and selection

® //*— 40 (£= u,e) selection:

» Isolated leptons with: p1(£) > 20 GeV, I5 GeV 10 GeV and 5 (7) GeV
» Leading pair: pair closest to mz,

» Vertex refit: X2 cut at 99.5% signal efficiency & 00

» Final state photon emission recovered

Final Signal 47" Other Total Observed
state background backgrounds expected

4p 40.5+ 1.7 19.0£1.1 1.71£0.10 61.2+2.0 64
2e2p  2824+1.2 13.3+£0.8 1.38+£0.10 428+1.4 64
2u2e  22.14+14 9.24+0.9 2.994+£0.09 343+£1.7 39

4e 21.1+£14 8.6 £0.8 290£0.09 32.5+1.6 28
Total  112+£5 50+ 4 8.96 £+ 0.12 171+ 6 195

115 GeV < mup < 130 GeV
® Background estimation

Based on simulation

|. ZZ" production in 4£ (dominant)

» From gq annihilation and gg fusion

(subdominant)

2. 277, WZ7 and WWZ (small).

ATLAS-CONF-2018-018

> FT T T | T T | I'TTT | I'TTT | I'TTT | T T | T T | I'TTT | I'T T T4
_ ATLAS Preliminary _* P ]
1 N Signal (mH=125 GeV) N
.  H—=ZZ* — 4] B zz 1
Al 1 o
— - 13 TeV, 79.8 b - Z+jets, tt, tt+V, VVV -
7p) B 7/, Uncertainty 7]
+ 80 _
) B _
> - _
L _ i
60 —
40 -
20 - —

0
80 90 100110120130 140 150 160 170
m,, [GeV]

3. Hadrons misidentified as leptons:

» Z+jets tt and WZ production

» Extrapolation to signal region making
use of simulation

BROOKHFIAEN
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-018/

Reconstruction and selection

® Diphoton event selection ATLAS-CONF-2018-028

» At least two photon with Et> 25 GeV
» Highest Et pair forms candidate.

» Vertex identification with Neural Network

+ Vertex within 0.3 mm for 79% of ggH

> L L L L L
events. o ¢ Data ATLAS Preliminary
g 1500+ — Signal + background Vs=13TeV, 79.8 fo N
— | --..Continuum background m, = 125.09 GeV |
- In(1+S/B) weighted sum, S = Inclusive |
@ _
N
S 1000
O L
) ° ;
® Background estimation 5
c% 500/
» Entirely estimated from data
» Prompt photons: maximum likelihood fit 2 4t
to myy spectrum £ 40
. . @) n
» Jets misidentified as photons: from P
control sample % Of
0 20k | | | |

790120 130 140 150 160
m,, [GeV]

BROOKHFIAEN G. Barone

NATIONAL LABORATORY 84 January-2|


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-028/

WIW*— 0v0v Reconstruction and selection

® WIWV*— emyuv selection 2rXiv:1808.0905¢
S ST T T ety
» Two isolated leptons p1(£) > 22 GeV and o 900" ATLAS B, W ]
—~ 1600F H-WW*—sevuv, N <1 ] ttwt [l ww
PT(Q) > |5 GeV 2 14003_ {s=13TeV, 36.1 fb” B zy [ Mis-Id
$ : %%
» Ermiss> 20 GeV * 12007
1000;—
® Signal-to-background discriminants 800,
600F
» Trasnverse mass (mT) for ggF production 400¢
and neural network for VBF production 200¢
L £ 200
® Background estimation Based on data ©
100
|.Non resonant WW production T S = e St
- . 60 80 100 120 140 160 180 200 220 240
2. tt production m, [GeV]

3.Drell-Yan: Z— 1T
5.27%* WZ, Wy(*) production in

4. Hadrons misidentified as leptons:

_ 6. Single-top-quark (Wt) production
» WHjets tt and W Z production

BROOKHEVEN G. Barone Based on simulation
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https://arxiv.org/abs/1808.09054

Strategy Production mode

® Cut based classification of events into category.

» Ex.Jet multiplicity (ggF'), m; for (VBF) and b-tagging (ttH)
® and multivariate analysis (BDT) to discriminate contributions.

» ggF from ZZ*, VBF from ggF, VH(had) from all.
» Variables: pr4e, KD, n;, Anjj, pr,; etc.

® Detector and theoretical uncertainties

(i) Luminosity 3.2% (i) ur and pr about 4% to 30%

(ii) Lepton Identification <2% (ii) ggF prediction in Njcategories.

(iii)Pileup ~2% (iii) (BSM only NLO/LO prediction)

(iv)Jet Energy Scale (3%-7%)
(v) Jet Energy Resolution (2%-4%)
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4_@ mass SDectrum Differential Cross SeCtiOn

® Double differential measurements as a ATLAS D oW

Vs=13TeV,36.1 6" .oee.e. Powheg ® NLO EW @& NNLO QCD

function of rapidity and pr I P S 1.3
® As well as matrix element discriminant . S I' s
between 77 and H ool e S dos £

E Dye<-14

-_._. ............................................... _ 15

» MCFM-based. " w_,_ _

® Comparisons with NLO EW and NLO _________ . | B
EW and NNLO QCD Predlctlons E_DME>-1-4 | % ......................................................................... Jos

200 300 400 500600 8001000 200 _ 300 400 500600 800 1000

m, [GeV]
e Data  nmnmin Sherpa ® NLO EW A TLAS @ Data 'vrommnnm Sherpa @ NLO EW
ATLAS o= o Powheg ® NLO EW ® NNLO QCD 4 e Powheg ® NLO EW © NNLO QCD
_ Ys=13TeV, 36.1 b’ Matrix fixed-order NNLO c = fs=13TeV, 36.1fb Matrix fixed-order NNLO c
> 3 T T = B ! C_)
S 15 > ) 1.5 2
K ] 2 = { 2
5 ] ° 5 107 1 °
3 { & 3 { &
1 B 4 1 B
o 10 S
3 8
ol - Fom dis
: ] 102
10725 E '"'":I'"' 1" AR 1
F 3 AAATARI " E
_ 10°F
10’3 3 - 05 E
20IGeV < py <50 GeV . . ] - 100 GeV < p < 600 GeV
wP R | M M L N MR B, PR | L M L L M B
80100 200 300400 600 1000 100 200 300400 600 1000 80100 200 300 400 600 1000 100 200 800400 600 1000
m, [GeV] m. [GeV]
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https://arxiv.org/abs/1902.05892

Introduction

Higgs boson kinematics
® Higgs boson pr4p and rapidity (y4¢) probe:

» pr40: Lagrangian structure of H interactions.

® Small perturbations to SM: dimension 6
operators most effective approach.

% O, — %CghGZ”€a7ﬂy .| Cgt ggH contact interaction
% Oy — %Ctht_t, | |

o o @C o c:: t and b Yukawa couplings

A2 3 v b ")

% O4 — ¢y 95:;’5 (v+ h)GO, (ELo" T t g + h.c)

\q,—/

Cig: dipole-moment, g-t interaction

BROOKHAVEN G. Barone 88 Grazzini

do/dp1(H) [pb/GeV]
E ggH@LHC 13 TeV NLL+NLO — sM

ci=1.2,0,=-2.98,64=-0.03

L My=125 GeV -—-- 0=1.2,0p=-4.89,c4=-0.04
100 s, - c=1.3,c,=-0.85,C4=-0.03  _
G c=1.3,c=-3.34,c4=-0.04 3
N _——— ct=1.4,cb=3.31,cg=-0.03
i 3 ci=1 .4,cb=-3.67,cg=-0.05
-1 *\\i‘\l\\ ........ Ct=1 -5!Cb=1 .88,Cg='0-04
107" W C=1.5,cp=-1.79,¢;=-0.05 3
102 L
103 L
10% L
1.8
1.6
1.4
1.2
:
0.8
0.6
0.4 E
0.2

50 100 150 200 250 300 350 400
pr(H) [GeV]
. do/dp+(H) [pb/GeV]
- ggH@LHC 13 TeV NLL+NLO = —sm

....... Ct=0_5’Cb=-7.46 E

i Mn=125 GeV -—--¢=0.8,c,=-3.67 -

100 e e ¢=0.9,cp=-1.79 _|

S Ct=1.1,Cb=3.79 E

- C=1.2,05=4.67

107 L
102 |
103 |

107 | :

2k E

AT T
1F .“f:’\'t' ______________ 7
05 F e TTTmmmm e e 3

T B b S | T Joopompenaayes berpameegeagas | Joe ey mpeaps 3

50 100 150 200 250 300 350 40
| pr(H) [GeV]
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WW*— 0V OV results

® Simultaneous fit to the ggF and VBF categories.

» Over mt for ggF and BDT response for ggF

» Extraction of ggF and VBF total cross sections

Production mode

s

Heer = 12170 1%(stat.)T)-15(sys.)

pvpr = 0.627030(stat.) + 0.22(sys.)

-
— 20 rrr+r+ 1 -~ rrrrrrrrrrr1rrrrrrr ot
Q [ — 68% CL ATLAS Preliminary
— [ — 95%CL s=13 TeV, 36.1 fb"
= 12 % Bestfit ]
% [ 4 SM
1 .

& 1.0} ]

W

g L

S 0.5] ]

0.0} ;

_05 - . L 1 . P B DT AT ]

-5 0 5 10 15 20 25

OggF * Br-ww* [pb]
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7740 and 08vv

® Searches for spin-0 and spin-2 resonances in the ZZ—4£ and £4VV final

states.

» Upper limits for Type-l and |l two-Higgs double models (spin-0) and for RS models
(spin-2)

» Separate sensitivity for ggF and VBF productions (both ATLAS and CMS)
+ Typical VBF selection: at least two jets with p1(j) > 30 GeV, An > 3.3 and m; > 400 GeV

= Signal + Interference ==== Signal only

® Resonances searched in m4p and mt  ATLAS Simulation fs-13Tev _

' H-h Interference e H-B Interference
T T T T T T T T T T T I: 0007__’ T T T T T
} An alytl Cal Pa ram etrl Satl O n of S Ign al ° 0.006 mH=400 GeV FH=1%XI77H 0.005 mH=400 GeV FH=5%><mH_f 0.006 E_ m,_,=400 GeV FH=1OQ/O><mH
. . . ] 0.005
» h-H interference taken into account in oot
. . . 0.002F
the large width approximation
0.
> rrrr1r|rrrrrrrryrrrrorrr 11 rr o 1 —0,001;—
8 - ATLAS Simulation n - 385 390 395 400 405 410 415 340 360 380 400 420 440 480 250 300 350 400 450 500 550
To) | Vs=13TeV ® Simulation =
~ H ZZ PN - q) [T T T T T T T] 0.007FT T T T |-:- T T T T T T T
£ o1 T e T Ree e . oot | O, o00sf m,=600GeV I'=1%xm,] 0.006F M=600 GV I'=5%xm;,] 0.005f ;=600 GeV I'y=10%xm;;
S 0 = ¢ arametrisation E S ] 0.005 _ 0.004f
) - s . ] £ ! 0.004 0.003f
© - T S S R S . i O 000 2'222 0.002fF
c - O I O R i . 5
2 B ‘ . o. Lol e 7] % 0-002¢ 0.001 0.001F
5] S Ll e . ol of =
© 1 0_2 — [ ] ‘ : ' [ o o ‘ ] ' [ | o [ [ ' — r L
= = A : A 3 [ -0. 4
L = I ' e ¢ e ¢ 3 Z ~0.0028 4ttt 0.001 ~0.001
- P S S ] - 570 580 590 600 610 620 630
B [ S A B 1 s o .
AR BT oo 7 ey
- 5 4 4 oL ] 0.007E NN 0.007 0.006
107° &= ooy LA Voore S s B A 0.005F 0.005 0.004f
= * ! ; * * #* ? = 0.004f 0.004 0.003F
1 V:I 14 :I | A' E 1 I: |: |# A |."| |:|1'| 1 I'V LA & L1 ||' | 4 M 0.003; gggz 0.0025—
200 300 400 500 600 700 800 900 1000 o 0001 000 it %
. E . 3 !“".u-‘ '7_
. 0 Op OF P v
arXiv:1712.06386 m,, [GeV] ~0.001 ~0.001F oot S

77I0 78IO 79I0 80IO 81I0 82I0 8:;0; 6-5I0 7(;0 75'IJO 8(I)0 85IO 960 95;0 -GOIO 7(I)O 8(;0 9(50 1OI00
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7740 and 08vv

® Searches for spin-0 and spin-2 resonances in the ZZ(—4£€ and ££vv) channel

® Spin-0 resonance limits
» Narrow width: 0.68 pb at my= 242 GeV to || fb at my= 1.2 TeV

» Large width as a function of 1%, 5% and 10% of my
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® |Improved statistical sensitivity

» reduced correlations between
production modes.

® Statistical and systematic
uncertainties of the same size.

Production mode
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